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(54) Front light, reflective liquid crystal display device and personal digital assistant 



(57) A compact and light weight front light, a reflec- 
tive liquid crystal display device and a personal digital 
assistant providing image display of uniform brightness 
with high efficiency are provided. The front light includes 
a main optical guide plate (1 ) and a second optical guide 
plate (2). The second optical guide plate is arranged at 
an end portion of the main optical guide plate along the 



widthwise direction, and on an end surface opposite to 
an end surface facing the main optical guide plate, a plu- 
rality of prism-shaped grooves (12) areformed along the 
longitudinal direction, extending in the depth direction. 
The front light further includes a point light source (3) 
arranged at an end in the longitudinal direction of the 
second optical guide plate, and a reflective film (11) cov- 
ering the surface of the prism-shaped grooves. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 
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and a personal digital assistant P * ' 95 ^ 85 10 3 ref,eCtiVe ,iquld c ^ device 



Description of the Background Art 
[0002] 
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enlarged i.lustration of an up£*urt^m^^^^^ T\ ™ * Wh °' e ' 3nd ^ 576 is a P*™» 
surface 101 a (hereinafter referred to a the -JS w„r ? P ° P 3 ' gUide P ' 3te 101 ° f the front !i 9ht has a 

1 01 b (hereinafter referred E^S^^^^TT? * °" ^ 1 30 and an upper 

of grooves each having a prts^ha^ crTsec i2^ ( ^S■ ,l ^ e • , ^ °" ** ^ ""*«»• 3 
front .ight is p.aced in front of a renLive^ ^i 0 "- ^ 

delayed image plane, and emits light toward the display device in me mnt Lht 1 o a tht ? Vi6Win9 
light source 103 to the optical auideolate 101 n^HcV J.^ 9 ' a llght beam entering from a 

whi.e the beam is reflected by TefZTe surface 1 S of T ^ ^ ^ 1 ° 1 3Way ff0m the "9* We, 

surface 101b, and emitted 10^^^. ^^ apSima^ n "h^ ""^ ° f ^ ° n the Second 
fore, as shown in Fig. 57B the r^ec^ .urtoeJ toIS'« > ^ . ? Perpendlcu,arto ,he optical guide plate. There- 
prism, and a gentle slope 1 22 whS is ft , 43 ° With 3 h yP° thetical b °»°- plane of the 
bottom surface. The hefght ol e^h Prism I seMo <f ? ™ PnSm ' ™ ^ " 0t larger ,han 10 ° with the 
intensity at various portions JoT^^^J^T £ 5 ° T S ° 33 to ref light of ^Proximately the same 
an end surface o, th'e optica. ^^il^2L^ 8 ^^ to i r^^ ,m bri9htneSS in the plane - Al °"9 
emitted from the light source ^V^^Z^^I end "rf ^ 3 be3m 
guide plate. The light entering the optical auids otete nrni«ZT I , ^ pro P a 9 ated trough the optical 
of the first and second surfaces 1 01a and 1 o7 b and when Th T*'" 8 ref ' eCti ° n 3t Cert3in portions 
surface, the beam is reflected and Remitted Jpprox^elv vertS ? fh ref,ective surface ™ of the second 
plate. Reflector plates 104 are arranged I o a oute sWe of TJ?* f ' rSt SUrfaCe 1013 ° f tne optical SuWe 
plate, so as to prevent any loss T^JSiZ^^S^^T ? * 0ther e " d ° f the ° ptical 9 uide 
mitting layer 1 20. The ligh" emitted CSaau It J ? f^l? * re Pr0t6Cted b * 9 »9 ht trans- 
reflecting member (not Lwn, arfangT^ 1 , 30 - ^ed by a 
venience of description, in the following, the term "display device" refer^ to the °l n T 9u,de plate 1 01 . For con- 
excluded. During the progress the liah t beam is modntatoH Z\l * ■ i SP ' 3y a PP ara tus" with the front light 
plate in the thickness diction toToS an imaae on thi ™„ ZV" ^ P3SS6S throu9n ,he optical 9"ide 
40 intensity in the plane is to be ensured the T? 0n t Haht !t is n^ 1 T" ^ ^ Wh6n Unif ° rmit y « ^ 
the second surface 101b from port on to oo« o ft ! fS^TTT ^ r3ti ° ° f the ref,ective surt ace of 
k ee P in g con S tantthean g .eoHh P eS s t P ru^ 

the angle of the prism structure An optical auide Plate ZIZ T 9 Un « 0 ™* il is necessary to change 

process and to fabricate with high SSCS^T * ^ ^ *"* > & ^ l ° 

pS L^S^lTl^^rS J a r c e r S os min9 ° f C ° nVen,i ° nal <™ » 9 ^ (^ a P a nose 

enlarged LslatL of ^ ^^^^^X^iT^Ji 588 " » P3rtia " y 

in the front light is stepwise, including a flat portion ^^p^^,?^^^ ^ ^ ^ 
forming an angle of about 45° with the flat nortinn Thoiinhth ^ J£arc4,,e, l ° ine "™ surface, and a reflecting portion 121 
the reflecting portion 1 21 and ^^^S^'S^S^^ T"T ^ ^ *** ^ 
guide plate. In connection with the conJZJ^S^^ above foil i ' ^ emit,ed ^ ^ ° PtiCa ' 
More specifically, the ratio of the reflective surface inclined ^ISSS above whS iT 03 ^ r?" m8de - 
light when the light is reflected by the liquid crystal panel or when STSfn C3USS ° f '° SS of tne 

of the optical guide plate, or when ambient 221? I " 9ht P3SS6S aga,n throu g h the depth direction 
55 to reduce theLs Japanese pinTS^JC^o ^ ^ P ' ate ' ' S S6t * 3t m ° St ^ 20 )' s ° as 

SS2 9- "ron'e 9 ^ 1« are provided in 

SS-andtheotherinclinedsurtace^ 
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Open No. 1 1 -242222). The light beam proceeding in the optical guide plate encounters the inclined surface in the range 
of 35° to 55° as in the conventional examples, reflected therefrom and emitted to the outside of the optical guide plate. 
Further referring to Fig. 60A ; a method has been proposed in which the depth of the grooves is made gradually deeper 
further away from the light source so that the intensity of the emitted light becomes uniform, or referring to Fig. 60B, 
a method of adjustment has been proposed in which the pitch between the grooves is made gradually narrower further 
away from the light source, so that the intensity of emitted light is made uniform regardless of the positions. 
[0005] In order to prevent degradation of display quality by moire fringes resulting from interference of the pitch of 
the prism structure and the pixel pitch of the display device, a proposal has been made in which the period of the prism 
structure is limited to the range of 1/(1 .3+N) to (1/1.6+N) of the pixel period (Japanese Patent Laying-Open No. 
11-260128). 

[0006] Further, a proposal has been made in which an anti reflection film is provided on the first surface of the optical 
guide plate, so as to prevent lowering of display contrast caused by reflection at the first surface when the light is 
emitted from the optical guide plate (Japanese Patent Laying-Open No. 11-242220). 

[0007] The optical guide plates of the conventional front lights each have the prism-shaped structure. Therefore, in 
most cases, the rib-shaped or fringe-shaped prism structure is visually recognized by the viewer, lowering the display 
quality. Further, as the light beam is reflected by the liquid crystal panel and again passes through the optical guide 
plate, the light beam is refracted to different directions at surfaces of different angles, resulting in the problem that 
double images are generated. Further, the above described prism optical guide plates all utilize the method in which 
the direction of progress of the light is changed by the regular reflection at the reflective surface of the prism, so that 
the light is emitted from the optical guide plate. Therefore, characteristic of the emitted light significantly vary along the 
direction of progress of the light beam in the optical guide plate. When the light beam is refracted at a corner of the 
optical guide plate and the refracted light enters the optical guide plate at an angle different from the remaining light 
beams, the light beam from the different angle appears as a strong emission line even after it is reflected by the prism, 
considerably degrading the display quality. 

[0008] When a point light source such as an LED (Light Emitting Diode) is used as the light source, a proposal has 
been made in which the light is made uniform by a guide structure arranged at an end portion of the optical guide plate 
before entering the optical guide plate, as shown in Figs. 61 A and 61 B. In the method in which the light is reflected at 
the prism-shaped projections at the second surface of the optical guide plate so as to extract the light out from the 
optical guide plate, it is necessary to make uniform the light spatially and, in addition, to make the pitch of reflective 
grooves of the light extracting mechanism of the edge optical guide plate (second optical guide plate) to be a prescribed 
value or smaller. Otherwise, significant unevenness results in the illumination. When the light entering the optical guide 
plate has wide angular distribution , the emitted light also comes to have wide angular distribution, and hence it becomes 
difficult to attain high brightness. 

[0009] The front light of the type using the point light source shown in Figs. 61 A and 61 B described above is suitable 
for reduction in size and weight. Accordingly, use of this type of front light has been increased, as the front light of a 
liquid crystal display device of personal digital assistants, represented by a mobile phone (Japanese Patent Laying- 
Open No. 10-260405). 

[0010] The conventional front lights having the above described structures have the problems that the fringe-shaped 
prism structure of the optical guide plate is visually recognized, and display quality is degraded because of emission 
lines or unevenness. Further, it has been impossible to control angular distribution of the emitted light from the front 
light, and hence it has been difficult to ensure high brightness. 

[0011] In the front light having such a structure as shown in Figs. 61 A and 61 B using a point light source, it is the 
main object to obtain a display image of high brilliance with small power consumption. For this purpose, a structure 
has been used in which an edge optical guide plate (second guide plate) is arranged at a side edge of the main optical 
guide plate, and on a surface (fourth surface) of the edge optical guide plate that is opposite to the surface facing the 
main optical guide plate, reflective grooves for extracting light beams is provided. In this structure, referring to Fig. 
62A, the light entering from an LED to the edge optical guide plate (second optical guide plate) will be a light beam K1 
regularly reflected by the incline surface of the reflective groove 112, and a light beam K2 reflected and emitted to the 
outside and thereafter reflected by a reflector 155 and incident on the second optical guide plate from the outside. In 
order to suppress the loss of light at the reflection and diffraction, the angle formed by each of the two sides of the 
prism-shaped groove and a flat portion is made about 50°, as can be seen from Figs. 62B and 62C. 
[0012] When the above described light beams K1 and K2 proceed to the light emitting surface (third surface) of the 
second optical guide plate facing the main optical guide plate within a prescribed angular range, the beams are emitted 
from the light emitting surface and introduced to the main optical guide plate. When the light beams proceed to the 
light emitting surface out of the prescribed angular range, the light beams are regularly reflected at the light emitting 
surface, and proceed through the second optical guide plate. When the second optical guide plate is larger than a 
prescribed size, the ratio of the light beam regularly reflected at surfaces other than the light emitting surface of the 
second optical guide plate is high, and the ratio of light beams emitted to the outside is small. Therefore, when the 
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ttZV^f 9Ui ^ P ' ate 5 ' ar9er than prescribed si?e - efficiency, t^t is, the ratio of the light beam emitted from 
I Tat a high level *° ^ ^ ° pMca ' ^ P ^ e t0 6mitted from the point *°^e 

[0013] It should be noted, however, that the above described efficiency lowers when the two-dimensional size is 

-T ' 35 ' n ?w C T ° f t ' r ° nt N9ht ° f 3 ' iqUid CrVStal diSP ' ay dSViCe m ° Unled on a personal d ^al assTsl and hence 
.t becomes difficult to obtain a display image of a desired brightness. In order to support the rapid devebpment of the 

has been stron9,y desired 10 enhance ,he efficiency described above ' in 

™ SUMMARY OF THE INVENTION 

InTrtL nnt° bjeCt °/ ^ inVenti ° n * *° * Sma " and COmpact ' economically advantageous front light 

LrShZ 9 en t rate t em,SSIon l,nes or ""evenness but provides disp.ay of high quality with high efficiency and uniform 
^ brightness, as we., as to provide a reflective ..quid crystal display device and a persona, digital assistant using the fZt 

nnTLI he Pre$e H inV6 T n Pr ° VideS 3 fr ° nt ' ight arranged in front of a dis P |a V de vice, including: a main optical 
guide plate; a second opt.cal guide plate having its longitudinal direction arranged to extend along widthwtee direct ton 

the ™i 3 PO H rt, °? °' m8in ° PtiCal 9Uide Plat6 ' thS SeC ° nd ° ptical 9 uide P |ate ha ving an end su'aceTaong 
the mam optica, gu.de plate and an opposite end surface, the opposite end surface including a plurality of prism shaped 
grooves extending ,n depth direction, formed a.ong the longitudina. direction; a point .ight source arranged^ an end 

shaped grCes" ^ ^ ^ * ™° ^ ^ °" a Surface of ^ prism 

[001 6] By this structure, the surface of the prism-shape grooves constituting the light extracting mechan ism is coated 
with a reflective film. Therefore, at the second optica, guide plate of which length is not .onger than a prescribed fenoth 
reflective Ugh, wrth superior directivity can be obtained, with reduced loss of the light intensity. Here as'he 2 is 
scattered and ref.ected by the grooves, i, is possible to make uniform the average light intensity a^ged oS aS 
directions, at every position of the second optical guide plate averaged over all 

^nML^,^ 6 ^ deSCribed ' When the ^-dimensional size is smal. as in the case of a front light of a reflective 
liquid crystal display device mounted on a personal digital assistant, the above described efficiency becomes ow 
without reflects film, and .t becomes difficult to obtain the display image of a desired b^J^^^ZSZ 
TZ P ZTT 6 f S , U K rfaC6 ° f prism - sha Pe groove, no light beam goes out from the second optical guide P Se 
through the surfaces of the groove, and the light is reflected by the reflective film, so that light beam of 2 ^ dirLtivitv 

reft? n ™ ^ K emittin9 ""^ (third The Mi ™ loss generated at ^ZTfriS^Z 

reflective film ,s as h.gh as 10% or more. Therefore, if the second optical guide plate is lonaer than the n 1 S 
ength ,and the reflection is repeated, the efficiency becomes even kJ^oian'the^dU^iX^nS^ 

lonvenSH Whe " ** SeCOnd ° ptiCa ' 9Uide P ' ate becomes '°"9» than a^escr bld value he 

conventional second gu.de plate not having the reflective film on the surface of the grooves would have higher efficient 

on the P s T 9atl °?K l0SS iS Sma " er ,e " 9th that Can aSSUrS imprOVed efficiency when the reVectiv ft "Sea 
on he surface of the pnsm-shaped grooves is at most 70 mm to 1 00 mm, when the general reflection loss with the 
od.nary width size .s about 1 0%, though it depends on the width of the second optical guide plate and on the maqnituoe 
of reflection loss at the reflective film. Therefore, when the length of the second optical guL plate is a moi! 70 m^ 
to 100 mm, prov.s,on of the reflective film as a coating on the surface of the prism-shaped grooves is eSve The 

^CTniiTr* 9uide piate with the — fiim pLded - - " - 

S°rI3L *i1 e ref ' ect ! ve,ilm ' generally, a metal film formed by vapor deposition or sputtering is used. It is possible 

LThfh T. * P 09 3 reflSCt0r P ' ate ° rthe Mke in P ' aCe ° f the reflective film f0 ^ed of a metal film However 
the hght beam that once goes out from the grooves of the second optical guide plate, reflected by the reTk^^S 
and returned to the groove portions come to have wide width in the direction of progress and nenc^S^S 
cons.derab,y degraded. It is essential to prevent the loss by preventing the light from gofng out from The Second opl2 
guide plate through the grooves, by applying the reflective film. Not only a film but any material ma7b "usee ! rip 

!ro a mJh o mate ; ial 1 6 CaPab ' e ° f C ° Verin9 a " thS SUrfaC6S ° f the 9— ■ -oh - a rS b e e S X rent 
[Z 1 L 7 f mat r a SUCh f r S ^ leCt ° r P ' a,e - M ° re specifical, V. the above described reflective film may include 
E?« 1 " 3 ref ' eCtiVe fHm ' 3 refleCtive tape ' a coated film - a P as te and the like 

* mnhn h deSCribed StmctUre > jt b eeome S possible to provide uniform and highly bright display image of 

a mob.le phone or the l.ke, using a point light source of LED or the like. Generally, it is a common practiced provide 
a reflector from the s.de of the fourth surface of the second optical guide, covering the surface of toj^^ 
gu.de plate to he ma.n guide plate, so as to enhance the efficiency. A silver tapels provided on heVnTr surfac^ o 
the reflector. When the reflective film described above . used, the efficiency can be improved, and the efore the ^Tve 



4 



BNSDOCID: <FP 



1139015A1 I > 



EP1 139 015 A1 

tape on the inner surface of the reflector may be eliminated. Further, the reflector itself may be eliminated. 
[0020] In the front light according to the present invention described above, desirably, each of the two sides consti- 
tuting the prism-shape forms an angle of 30° to 38° with a flat portion, when viewed two-dimensionally. 
[0021] As the two sides constituting the prism-shape of the groove each form an angle of 30° to 38° with the flat 
5 portion, it is possible to obtain reflected light beam of high directivity, with small widthwise spread from the direction 
vertical to the second optical guide plate as the center. The angular range is suitable for the prism-shaped grooves 
with reflective film provided thereon, and such an angular range had not been considered for the conventional prism- 
shaped grooves without the reflective film (for such grooves, the angle has been about 50°). When the grooves are 
coated with the reflective film, it is possible to emit light with high directivity, with this small angle of 30° to 38°, and 

10 hence brightness of the display image can be improved. Though it is easier to manufacture and less expensive to have 
the two sides of every prism-shaped groove at the same angle within the range of 30° to 38°, it is not necessary that 
the two sides are at the same angle. Further, it is not necessary that all the grooves have the same angle. 
[0022] In the front light of the present invention, preferably, an area coated with the reflective film of the second 
optical guide plate extends exceeding the end portion of the main optical guide plate when the main optical guide plate 

15 and the second optical guide plate are viewed in a direction from the second optical guide plate to the main guide plate. 
[0023] Because of this structure, a portion where light is not introduced from the second optical guide plate is not 
generated in the main optical guide plate. Therefore, the light is emitted from the entire surface of the main optical 
guide plate to the display device, and unevenness of brightness and darkness as well as undesirable recognition of 
border lines between the bright and dark portions can be avoided. 

20 [0024] In the front light of the present invention , the grooves may be provided such that the angle formed by the side 
constituting the prismshape with the flat portion vary along with the distance from the point light source. 
[0025] By this structure, when the intensity of light proceeding towardthe light emitting surface varies with the distance 
from the point light source or when the angle toward the light emitting surface vary, it is possible to make uniform the 
light intensity, or to have the angles within a prescribed range near vertical to the light emitting surface, by varying the 

25 angle of the side of the prism-shape. When the angle is not changed, the prism has the shape of an isosceles triangle 
when viewed two-dimensionally. When the angle is to be changed as in the present structure, the shape may or may 
not be the isosceles triangle. Further, as the angle varies, the depth of the prism-shaped grooves also changes naturally. 
[0026] In the front light of the present invention, the angle formed by a side constituting the prism-shape with the flat 
portion may be increased as the grooves are positioned further away from the point light source. 

30 [0027] When the angle formed by a side of the groove and the flat portion is made constant regardless of positions 
in the second optical guide plate, a phenomenon is observed, in which the direction of emission of the light emitted 
from the light emitting surface (third surface) is inclined between an end portion nearthe point light source and a central 
portion away from the light source. The inclination of the direction of emission should be avoided, as it may cause 
uneven brightness. By changing the angle of inclination of the prism nearthe point light source and the central portion 

35 as described above, it becomes possible to limit the emission angle distribution to be within a prescribed range! 

[0028] In the front light of the present invention, it is desired that pitch of the grooves is not larger than the pixel pitch 
of the display device. 

[0029] In the main optical guide plate, the light propagating through the main optical guide plate is emitted, utilizing 
mirror surface reflection from the prism. Therefore, light beams proceeding in different directions in the main optical 

40 plate are emitted in different directions, when emitted from the main optical plate. At portions immediately corresponding 
to the bottom points of the grooves of the second optical guide plate, light beams reflected by the grooves and emitted 
approximately vertical from the end surface of the second optical guide plate are dominant. The light beam emitted 
approximately vertical from the end surface of the second optical guide plate are reflected by the inclined surfaces of 
the prism-shaped projections, which are approximately vertical to the direction of progress of the light beams and 

45 extending in the widthwise direction of the main optical guide plate, in the main optical guide plate, and emitted in 
approximately vertical direction , from the main optical guide plate. At portions between the bottom points of the grooves, 
light beams reflected by grooves on both sides and emitted obliquely from the end surface of the second optical guide 
plate are dominant. The light beams are directed obliquely to the prism-shaped projections of the main optical guide 
plate, and therefore, even after reflected at the inclined surfaces of the projected portions, the light beams are emitted 

50 not vertically but obliquely inclined manner with respect to the main optical guide plate. Even after reflected by the 
display device, the light beams that have been emitted vertically contribute more effectively to the front brightness, 
than the obliquely emitted light beams. Therefore, at central portions between the bottom points of grooves where light 
beams are not much emitted vertically, the front brightness becomes lower than the portions immediately corresponding 
to the bottom points, even when the emission intensity is the same. Therefore, fringe-shaped unevenness of brightness 

55 js observed. When the pitch between the grooves is made not larger than the pixel pitch, the unevenness of brightness 
can be made unrecognizable. 

[0030] In the front light of the present invention, it is desired that the groove pitch is at most 0.3 mm. 

[0031] By this structure, unevenness of brightness can be made comparable to or lower than the ordinary pixel pitch, 
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[0034] In the front light of the present h^SlE^iil^,^ S^aTh^n T t 
silver, gold, copper and platinum reflective film is a thin film formed of any of aluminum, 

[0035] 



lower reflectivity on the shorter wavelenatSTJe L th^'J somet '™« preferable to adjust white balance so as to 
form. Gold (Au .and coppe (CuTmav of used^nr *If °" SP6CtrUm beC ° meS Un ' f0rm re 9 ardl ^ of the wave- 

side and lower on the shorter wivTength sS PUrP ° Se ' " * ^ hi9her ° n the lon 9- —-9th 

i 0 n 0 d 3 hLh B d y ura^ 

high durability, the metal fi J ma ^KJ^ * °J T ° attai " high ref,ectivit V ™« 

[0037] In the front lioht of tZ Ll V tn ' Ckness of at least 25 nm and more desirably, at least 50 nm 

the surface S Cn^lS^ *" ^ ^ ^ ° n ™ M ^ film *>™ d - 

underlying film such aS^ha pro^ 

coating the metal fi.m thereon, ?uSS^hS^d!Zl^rl « ?" *° ^ and by 

underlying film and the metal Mm ca "be matntelne fn 2 r~ , ,h6 interfaCe betWeen the 

can be expected. When increase in reflect^ is desi ed Z T^- 8 " d henCe inCreaSed ref,ectivit y 

film may be controlled such that ^S^tJelZS^h ° / efract,on and the th '^ness of the underlying 
reflection at the interface between ^^^^^J^T! 1 ^ 9 . ^ a " d the Under, y in 9 and 

providing a multi-layered reSon enhanc^S ^ ' nterfere and reinf ° rCe W * h eacn ^ *«« 

include blasting. The metal film mav be coatP rt «,,.h J T , . -. lm proved. The roughening process may 

«oTL* y o^ r f bea - spatially made uniform can be introduced 

the pitch of the prism-shaped graves i .arg? ""^ * Unif0,Tn the ' ight intensi * s Pa«a"y, when 

SS. ' n fr ° nt "' 9ht ° f thS PreSSrt inVenti0n ' d ^ab,y. (Light Emitting Diode) is used as the point light 

fhTfirca'n be^oTer^As ^dSSr^,^ P ° W6r C< ~ in 9. and driving voitage 

- recced. Thus, by the a^^^^ 1 



6 



BNSDOCID: <EP 



1 "° ft 1Sfl1 1 > 



EP 1 139 015 A1 

example, as a front light for personal digital assistant including mobile phones. 

[0045] The present invention provides a reflective liquid crystal display device having a. front light on a front side 
facing a viewer the front light including a main optical guide plate; a second optical guide plate having its longitudinal 
direction arranged to extend along widthwise direction of and at an end portion of the main optical guide plate, the 
5 second optical guide plate having an end surface facing the main optical guide plate and an opposite end surface, the 
opposite end surface including a plurality of prism-shaped grooves extending in depth direction, formed along the 
longitudinal direction; a point light source arranged at an end of the longitudinal direction of the second optical guide 
plate; and a reflective film coated on a surface of the prism-shaped grooves. 

[0046] In the reflective liquid crystal display device, as the front light described above is used, an image display of 
10 uniform brightness can be obtained with a compact and light power supply. Further, by changing the angle of the two 
sides forming the prism-shaped grooves of the second optical guide plate along with the distance from the point light 
source or by making shorter the pitch of the prism-shaped grooves, superior display quality, light weight, compact size 
and high efficiency can be attained. 

[0047] In the reflective liquid crystal display device of the present invention, the two sides constituting the prism- 
as shape may each form an angle of 30° to 38° : with a flat portion, when viewed two-dimensionally. 

[0048] By this structure, it becomes possible to improve directivity of the light beam proceeding from the second 
optical guide plate to the main guide plate, and hence brightness of the image displayed on the reflective liquid crystal 
display can be improved. 

[0049] In the reflective liquid crystal display device of the present invention, desirably, an area coated with the re- 
20 flective film of the second optical guide plate extends exceeding the end portion of the main optical guide plate, when 
the main optical guide plate and the second optical guide plate are viewed in a direction from the second optical guide 
plate to the main guide plate. 

[0050] By this structure, unevenness in brightness is avoided in the image displayed on the liquid crystal display, 
and uniform brightness can be attained. 

25 [0051] The present invention provides a personal digital assistant provided with a reflective liquid crystal display 
device including a front light, the front light including: a main optical guide plate; a second optical guide plate having 
its longitudinal direction arranged to extend along widthwise direction of and at an end portion of the main optical guide 
plate, the second optical guide plate having an end surface facing the main optica! guide plate and an opposite end 
surface, the opposite end surface including a plurality of prism-shaped grooves extending in depth direction, formed 

30 along the longitudinal direction; a point light source arranged at an end of the longitudinal direction of the second optical 
guide plate; and a reflective film coated on a surface of the prism-shaped grooves. 

[0052] By this structure, it is possible to make compact and light the personal digital assistant such as a mobile 
phone, or a PDF (Portable Document Format), and in addition, to provide display image having high uniformity and 
high brightness. In the personal digital assistant, it is desirable that a brightness adjustment volume is provided for 
35 adjusting brightness of the displayed image, by controlling power fed to the point light source. By the provision of the 
brightness adjustment volume dial, it becomes possible to make longer the interval between battery charge by saving 
power, for example, by reducing power fed to the point light source, that is, LED. where it is bright. Further, desired 
brightness of the display image can be attained anywhere, including a dark place. 

[0053] In the personal digital assistant of the present invention, the two sides constituting the prism-shape may each 
^0 form an angle of 30° to 38° with a flat portion, when viewed two-dimensionally. 

[0054] By this structure, directivity of the light beam proceeding from the second optical guide plate to the main guide 
plate can be improved, and the brightness of the display image of the personal digital assistant can be improved. 
[0055] In the portable digital assistant of the present invention, an area coated with the reflective film of the second 
optical guide plate extends exceeding the end portion of the main optical guide plate, when the main optical guide plate 
and the second optical guide plate are viewed in a direction from the second optical guide plate to the main guide plate. 
[0056] By this structure, unevenness in brightness can be avoided on the displayed image of the personal digital 
assistant and uniform brightness can be attained. 

[0057] In the personal digital assistant of the present invention, desirably, the length of the second optical guide plate 
is at most 1 00 mm. 

so [0058] This range of the length ensures that the second optical guide plate having the prism-shaped grooves coated 
with the reflective film attains higher efficiency than the second optical guide plate not having the reflective film coating. 
Further, this range of the length corresponds to a small size suitable for mounting on portable digital assistance. As a 
result, a display image with high brightness can be obtained. The length of the second optical guide plate is, more 
desirably, at most 70 mm and, for higher efficiency, it is desirable to be 50 mm at most. 

55 [0059] In the portable digital assistant of the present invention, the width of the second optical guide plate should 
desirably be at most 10 mm. 

[0060] By this structure, the display portion effective for displaying information can be enlarged, providing easily 
viewable image display. The width of the second optical guide plate should desirably be in the range of 2 mm to 7 mm. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0062] 



Ra 2 it a a n P in,?T; tiVe Vi6W ° f thS fr ° nt "' 9ht accorda "<* with Reference Example 1 

"r F rr ng i,luminating ,i9ht beams passing through the ^ °^ *** - «. 

Flo' 4 h an IS?? Cr ° SS SeCti ° n ° f thS P rism - sha P^ Projections of the front light shown in Fig 1 

The 9 -."- a 0P c ;- ssr showin9 a metal mo,d used when the ~- d - ^ h 

Ra 9 is a c C o h r. atiC ; i " UStra,i0n repreSentin 9 Pressing of the metal mold shown in Fig. 7 
- E^W^Zr*"" 3 meta ' m ° ,d WhSn ^ PriSm " Shaped On&on. are to he formed in 

° r0SS SeCt, '° n rSPreSentin9 mai " ° PtiCal 9UidS Plate ° f th * "Bht in accordance with Reference 

Ra Jp ta a S repreSent t in9 diS,ribution of emi » e d light intensity from the main optical guide plate 
Fig. 12 is a graph representing uniformity of various main guide plates 
Fig. 13 is a graph representing emission efficiency of various main optical guide plates 
F g. 4 is a perspect.ve view of the front light in accordance with Reference Example 3 

Fig. 1 7 la an illustration representing the pitch of the prism-shaped prolactins shown in Flo 1 a 
Fig. 8 is an illustration showing a parson viewing the reflecti,, .display device 

sxtjxz sznsss? be,WMn ,te number 01 wn9es (spa,ia ' ,rew > *** - 

Ha fp i!,*ri,! U , S , tr ? 0n r,pr « en,in 9 udtdtation ol un.uan illumination when lha groove pitch is rouoh 
^^VSZ£r m ' " 9n ' Wte " "* P " CB ,hS ' »„e second 

jr„„'op,^^ 

:^rrr. g=~r::~ »r " 9W p - m * - 

Fig. 24B represents portions of the grooves. 

Fig. 24C is an illustration representing the angle of the groove coated by the reflective film 
Rg 5 Z a' S2 r r e e o PreSen ! in9 an9U ,' ar d '' StribUti ° n ° f emiSSi ° n '^t when Se tgle a of the groove is 3S» 

Fig. 29 is a plan view showing the front light of Fig 27 "ampie 4. 

Ro 3?i iS a a n P i rt" y t enlar9ed ^ ° f COmSr ° f thS conventional main optical guide plate 
Rg. 31 ,s an H.ustrat.on representing emission lines or dark lines generated when the .ight beam entering from the 
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second optical guide plate to the main optical guide plate passes through the corner of the main optical guide plate. 
Fig. 32 is a perspective view of the front light in accordance with Reference Example 5. 
Fig. 33 is a plan view illustrating the front light of Fig. 31 . 

Fig. 34 is a perspective view of the front light in accordance with Reference Example 6. 

Fig. 35 is a perspective view of the second optical guide plate of the front light shown in Fig. 33. 

Fig. 36 is a perspective view of the front light in accordance with Reference Example 7. 

Fig. 37 is a cross section representing the function of the main optical guide plate of the front light shown in Fig. 35. 
Fig. 38 is a graph related to the front light in accordance with Embodiment 2 of the present invention. 
Figs. 39A to 39C are illustrations representing the front light in accordance with Embodiment 3 of the present 
invention, in which Fig. 39A represents directions of light beams reflected and directed position by position, when 
the angle of the groove is changed position by position of the second optical guide plate : Fig. 39B represents a 
groove at a position away from the center of the second optical guide plate, and Fig. 39C shows a groove at the 
central position of the second optical guide plate. 

Figs. 40A and 40B are illustrations when the grooves are formed to have the same angle (shape) at any position 
of the second optical guide plate. 

Fig. 41 is a graph representing relative value of brightness in the direction of reflection, at the central portion, at 
an end portion and a position immediately between the end and the center, when the angle of the groove is made 
constant at 35°. 

Fig. 42 is an illustration of the front light in accordance with Embodiment 4 of the present invention. 

Fig. 43 represents a front light in accordance with the present invention, in which a reflective film is formed by 

providing an underlying film below the metal film shown in Fig. 42. 

Fig. 44 is an illustration representing the front light having the second optical guide plate provided with the reflection 

enhancing film, in accordance with a modification of Embodiment 4 of the present invention. 

Fig. 45 is an illustration related to the reflection enhancing film of Fig. 44. 

Fig. 46 is a graph representing wavelength dependency of the reflectivity of the metal film. 

Fig. 47 is a graph representing the relation between the thickness of an aluminum metal film and reflectivity or 
transmittance. 

Fig. 48 shows a reflective film forming surface. 

Fig. 49 is an illustration representing the method of forming the reflective film. 

Fig. 50 is an illustration of the front light in accordance with Embodiment 5 of the present invention. 

Fig, 51 is an enlarged view of the portion C of Fig. 50. 

Fig. 52 is a plan view of the portion C of Fig. 50. 

Fig. 53 is a cross section taken along the line D-D' of Fig. 50. 

Fig. 54 is a cross section representing the second optical guide plate and the main optical guide plate of the front 
light in accordance with Embodiment 6 of the present invention. 

Fig. 55 is an illustration of a mobile phone in accordance with Embodiment 7 of the present invention. 

Fig. 56 is a cross section taken along the line E-E* of Fig. 55. 

Fig. 57A is a cross section representing the structure of a conventional front light. 

Fig. 57B is an enlarged cross section of the prism-shaped projections as the light extracting structure. 

Fig. 58A is a cross section representing a structure of another conventional front light. 

Fig. 58B is an enlarged cross section of the stepwise surface as the light extracting structure. 

Fig. 59 is a cross section representing the structure of another conventional front light. 

Fig. 60A is a cross section showing a structure in which the depth of the groove is made deeper as it goes further 
away from the light source. 

Fig. 60B is a cross section showing a structure in which the pitch between the grooves is made narrower, further 
away from the light source. 

Fig. 61 A is a plan view of a conventional front light in which an optical guide mechanism and LEDs positioned at 
opposing ends are used as the light source for the main optical guide plate. 

Fig. 61 B is a plan view of the conventional front light in which an optical guide mechanism and an LED positioned 
at one end thereof are used as the light source for the main optical guide plate. 

Fig. 62A represents propagation of light beams reflected or refracted at the grooves, in the conventional front light 
using the LED. 

Fig. 62B is a cross section representing the groove portion. 
Fig. 62C is an illustration representing the angle of the groove. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0063] Embodiments of the present invention including Reference Examples, will be described with reference to the 
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figures. 

F^PornsT mPle 1 " An9 ' e ° f GSntle Sl0PG SUrfaCe ' MGtal M °' d f ° r Pr0jeCt6d P ° rti0nS Arran 9 ed 
(1) Overall Structure 

•[0064] Figs. 1 to 8 are illustrations of the front light in accordance with Reference Example 1 The bar shaoed linht 

' h 6 T ° Pt f iC !' 9Uide P ' ate 1 C ° nSiStS ° f 3 S6C0nd °P tical 9 uide P»*» * extending ^ he ^mhw^ Son 

along an end portion of the main optical guide plate 1 , and LEDs 3 as point light sources, arranged at eXort ons of 

Lortfon f ,H° P 3 as shown in R 9- 1 As shown in Fig. 2, light beams em tted from LEDs 3 enter end 

port,onsofthesecondo P t,calguide P late,propagatedthroughthesecondopticalguideplate and by theliqht extract 

s S ^Irthem^oS T*, ? 7 ^ See ° nd ^ gU,de P ' ate the beams are ^ 

S ! T P 9U P ' ate 1 • ° n the SeCOnd surface 1 b of the main optical guide plate 1 a oluralitv of 

a JnnT S ; eaC 1 h h haVmg 8 P*""««P«* cross section, are arranged, extending as ribs along the w dthwfse dSon 
sudace pi betWeen h f,at portions The ,iant be «- entering the main optic?, guide plate" reachesT re 2 ive 
surface 21 of the pnsm-shaped projection and reflected therefrom, and emitted from the first surface la of Z ml^n 
optica guide plate to the disp.ay device 30. In the present invention, the reflect* 

projechon forms an angle of about 45° wi.h a f.at portion 23, and the other gentle slope surface 22 forms aLnole o^ 

bv the i T POrt L° n ' 35 Sh ° Wn " R9 - ^ ThB Nght beam that enters the -f.ecLe dfsptey devTL ref"£ed 

by the reflecting member has been subjected to spatial modulation, and displays an image as it passed 1 he 
backside to the front side in the depth direction of the main optical guide plate P * 

[0065] In the main optical guide plate 1 , approximately entirely over the second surface the orism-shaoed nmi^t,™* 

Rgs. 3 and 4, the re lective surface 21 of the prism-shaped projection reflects the light beam propagated throuah the 

2 2 'and none? S if, 7"" T T ^ * ^ ^ from'th^ o^£S. 

plate 1 , and hence, the reflective surface has an inclination of about 45° with the flat oortion The linht hL m *t 

transmitted through the reflective surface 21 having the inclination of about J^^a^^ m ^^,Z 

0066, r'h r tD ^ Vi9Wer ' and henCS ,hS M9ht beam is not rec °9 nized b * *• -ewer but losf * 
h« Alt s h SUrf0Ce 22 ° f the P rism - sha Ped Projection has smaller angle of inclination The light that 

th 1 h "? ref,eCt t d diSP ' ay d6ViCe fe emitted throu 9 h bo,h the inclined surface and he flat sSacl a 

cau S S e e s Ts S S ofth e J leaSK ^d S, ° PG ^ 22 f0rmin9 the P dsm at the second s^ace 

causes loss oT light if the angle formed by this surface and the flat portion is 45° or larn^r fmm th^ oo™ 

described above. In that case, optica, loss is too large, and hence SSjjS ™£ would be dark ^ " 
(2) Angle of the Gentle Slope Surface 

35b. The distance between the image points 35a and 35b represents the deviation between theTuble images Bv 
decreasing the angle formed by the gentle slope surface 22 and the flat portion the angle of ref raction beco^e^i.? 

becoirr 96 poi : ts t and 35b come ciosert ° each ° ther - and ™& tzt*ztzzt:* 

°° T ViSUa " y reco 9 ni2a P'e. The reason why the angle of the gentle slope surface 7s set o 4- or 

ofthe d * I be d6SCr,bed in detail in the fe»°w'ng. In this description, what is important is totZ^Z^lZ 
d ill t T deV ' Ce *? SUrfaCe ° f thS ° P,i ? al 9Uide plate - Now ' an LCD is Elected as the display devtee anTthe 
S?^Tk,r^T t0 SU ? Ce ° f ° PtiCal 9Uide P ' ate Wi " be 6Stima,ed - The distance is deled by the pixel 

(a) Substrate 30c opposing to the lower substrate 30a: 0.5 to 1 .0 mm 

(b) Deflection plate 30d : 0.2 to 0.6 mm 

(c) Space 31 : 0.2 mm 

(d) Optical guide plate 1 : 0.5 to 2.0 mm. 
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[0068] To be safe, a thickness slightly larger from the central value will be used for calculation. Then, geometrical 
distance from the pixel to the surface of the optical guide plate is about 3.8 mm, and the optical distance considering 
the index of refraction of each portion is about 2.5 mm. Fig. 6 represents the relation between the angle of the gentle 
slope surface and the deviation, when the distance from the pixel to the surface of the optical guide plate is 2.5 mm. 
When the angle of the gentle slope surface is 5°, the deviation is about 0.11 mm, exceeding 0.1 mm. When one views 
an image at a distance of 300 mm and the deviation is about 0.1 mm, the interval of deviation would be about 50 cpd, 
which is not visually recognizable (Hikari Kogaku Handbook, Kabushiki Kaisha Asakura Shoten, February 20, 1986, 
pp. 144-149). When the angle of the gentle slope surface is set to 4°, the deviation is about 0.09 mm, and it is certainly 
smaller than 0.1 mm. Therefore, when the angle formed by the gentle slope surface and the flat surface is made 4° or 
smaller, the deviation can be made visually unrecognizable. Therefore, the double images are not noticed, and hence 
degradation in the display quality can be prevented. 

(3) Effects of the Prism-Shaped Projections Having Flat Portions 

[0069] It is possible to make uniform the light intensity over the entire surface not by projections but by grooves. 
When grooves are utilized, however, the following problem occurs. Namely, the optical guide plate is fabricated by 
integral molding, and therefore, it is necessary to fabricate a mold of a reverse shape, as shown in Fig. 7. In manufac- 
turing an integrally molded products, a metal mold takes up a large part, and manufacturing cost of the integrally molded 
products depends on the difficulty in processing the metal mold. When the optical guide plate 1 have prism-shaped 
grooves 41 and 42 with flat portions 43, the corresponding metal mold 51 has prism-shaped projections 61 and 62 with 
flat portions 63 therebetween. Namely, in the metal mold, the flat portions should be carved as grooves. When the flat 
portions are to be varied, the flat portions as grooves must be carved with different widths. This processing is not easy. 
As shown in Fig. 8, generally, a metal mold is processed by cutting the metal mold material with a diamond byte. When 
the width of the flat portions is to be varied, scan processing of the flat portion 63 becomes necessary as shown in Fig. 
8. This processing is complicated, the process amount is increased and processing traces resulting from scanning 
remain. By contrast, if the optical guide plate has prism-shaped projections, the corresponding metal mold 51 have 
flat portions 83 that are originally processed flat, and prism-shaped grooves 81 and 82 processed by bytes. This 
processing is simple, and the manufacturing cost for the metal mold is reasonable. 

(Reference Example 2 -Effects Attained by Incrementing Height of the Prism-Shaped Projections of the Main Optical 
Guide Plate-) 

[0070] in the present reference example, a front light will be described in which the height of the prism-shaped 
projections of the main optical guide plate is incremented along the depth direction. The structure of the front light in 
the present reference example other than the main optical guide plate is the same as the front light of Reference 
Example 1 . Referring to Fig. 1 0, the height of the prism-shaped projections 21 , 22 becomes higher at positions deeper 
from the side where the light beams enter, so that the area of reflective surface per unit length in the depth direction 
increases. As there is flat portion 23 between the projections, the sides 21 and 22 constituting the prism-shape form 
the same angle at any prism-shaped projections. Therefore, the metal mold for main optical guide plate 1 shown in 
Fig. 10 can be readily manufactured, and hence, the main optical guide plate can be manufactured at a low cost. The 
arrangement of the prism-shaped projections on the second surface of the main optical guide plate 1 is as follows. 



(S1) Length 


| 40 mm 


(S2) Effective area length 


| 36 mm 


(S3) Prism pitch 


| 0.4 mm 


(S4) Angle of steep slope surface (reflective surface) 


45° 



[0071] In this structure, the following four different main optical guide plates are used, and uniformity of light intensity 
50 and emission efficiency were compared. 

(a) A main optical guide plate in which the height of the prism-shaped projection is made uniform at 20 |xm 

(b) A main optical guide plate in which the height of the prism-shaped projections is incremented to the deeper 
side, with the height at the deepest portion increased by 20% 

55 ( c ) A main optical guide plate of the same type, with the height of the deepest portion increased by 30% 

(d) A main optical plate in which the height of the prism-shaped projections is made uniform at 14 urn. 

[0072] Fig. 11 represents relative value of light intensity at various positions, when the four different main optical 
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I n Z 5 « W6re "!! , u re specificaM * < a > when the height is uniform at 20 j,m, a high light intensity is observed at 
an end portion near the light source, while the light intensity decreases abruptly at a deeper position and (d) when the 

thTheioht o TZ * 14 r th6re " n ° Si9nifiCant Variati ° n ' Whi ' e thS ° Vera " ,ight intens «* is weLk Fule $ wh^ 
the height of the projection is increased by 20% and (c) when the height of the projection is increased bv 30V liaht 
intensay . relatively high, and does not vary significantly position by position . Figs. 12 and 1 3 ep^on^e unitmt 
and emission efficiency of respective main optical guide plates. It is understood that the main optical guide p S 
having the depths of the projections increased by 20 to 30% along the depth direction is deshaSte » fte q2L^2 
satisfying both the uniformity and the emission efficiency °esiraoie, as the gu.de plate 

Stio T ns%m^P3t Ween RSferenCe EXamP ' eS 1 2 ^ emPhaSi2ed " thef °H°™9. by the summarizing 

(F>1 ) The structure in which the height of the prism-shaped projections of the main optical guide plate is incremented 
along the depth direction is desirable to improve emission efficiency and uniformity incremented 

ih?n T S e ab ° V f deSCribed structure ' nowever - can be implemented in an economical manner only when the prism- 
shaped projections are arranged among flat portions, umywnenmepnsm 
(P3) At this time, between the light beam that is refracted and passed through the gentle slope surface and the 

Tn ^ eam . that , thr ° U9h f ' at POrti ° n ' deViati0n between ima 9 e PO'nf result, ^ caUsing b urreo display 

degrading display qua ity significantly. As disclosed in Embodiment 1 , the deviation can be made un^ecogn izaS' 
by setting the angle of the gentle slope surface to be 4' or smaller. cognizaoie, 

(Reference Example 3-Pitch of Prism-Shaped Projections of the Main Optical Guide Plate-) 

[0074] Referring to Figs. 14 and 15, a bar-shaped light source is arranged along the widthwise direction of th» m«in 
optica, guide plate, a.ong an end surface of main optica, guide plate 1 . The baMfhap^^^u^cl^T^ 
as pom light sources, and a second optica, guide plate 2. LED 3 is positioned at an end portion of ^second 
enteTsan TT*", the Widthwise ° f °P«c* guide plate 1 . The ligM beam ImiLd from LED 3 

Z the lenothw^T °, rT^ ° P,iCal 9uide ^ and propaga.es through the second optical guTde plate 

1 thP n?l rf d'rectio^ Dunng this propagation, the light beam is reflected by a light extracting structure formed 

to th. m S t T ^ , ' S 30 SUrfaCS ° PP ° Site the tWrd SUrface 2a ' which in ^ is an end surface opp^nq 
to the mam optical gu.de p.ate 1, of the second optical guide plate 2, whereby the beam is emitted from the second 

' K° h the SUrfaCe ° f the m3in ° P,iCal 9Uide plate 1 • main 9"ide plate 1 . thereat P 3£ 

wd^wSd^n T 9 3 Pri r" shape cr0SS secti ° n ' P™«°« * an equal internal and extending as rfbs ^he 
widthw.se direction, on the second surface 1b, as shown in Figs. 16 and 17. In the present invention the pitch between 

21 S wStH f ti0nS 5 10 bS 31 m ° St ° 1 mm ' ThS P*««haped projection is f6nJ^.^2.^2SS 
23 SI «1 h P ° P6, a 1 d an0th6r 9entle S '° Pe SUrfaCe 22 ° n the Second surf ace 1 b there are also flat portions 
the 2S?2 7 T 9 I""" P ° rti0n ° f main ° PtiCal 9Uide Plate iS ref,ected b V the ref ^ive surface 21 of 
Ind enZ S£ ^T', ^ ^ to emfttod a W™™*^ vertically from the main optical guide p ate 

and ^nlr^Z e ^ SP )f Tl ^ t " m " "* leCted by the ref ' ectin9 memb ^ of the reflective display device 
^ht hfJmn ? mam ° Pt ' Cal 9U,de P ' ate - ' n this Course ' the beam is spatially modulated, and the reflected 

light beam displays an image as it passes through the main optical guide plate. When the prism-shaped oroteSSnt 
are provided with flat portions, i, is possible to change the area ratio of the refractive ^S^ZS^t^^ 
angle of the pnsm, and hence, high uniformity can be obtained in a simple manner 9 9 

™LL n t2I e COn 7 nti ° nal 0ptical 9 uide plate . the Prism-shaped projections have been arranged at wide intervals 
TrnZT h V 0VGr SeC ° nd SUrfaCe " Therefore . « already described, when the viewer views the disoS 
mage through optica, guide plate 1, the prism-shaped projections are recognized as fringes hindednq disband 

reauZ ? ? ""fX" ^ thB prism " shaped ^ions are viewed by human eyes, the fringes hav no spatial 

T'sZ Inslt 5 ViSUa ' an9 ', e ° f 1 ° ^ reC ° 9niZed Wilh ^ -nsiLity, as shown in 18 and 

19. Visual sensitivity, however, abruptly decreases when the fringes have higher frequencies that is frinoes have 
narrower pitchy Fig. 1 9 is a graph representing the visual sensitivity and spatial frequency i^rSf^ZZZZ 
EEEZ r n 6 ViSUa ' an9 ' e ° f 1 Wh6n the frin 9 e " sha P ed P~Ject.cn. are viewed by human eyes Fnnges 
IZSS ^ f K eq T Cy ° f a< m ° St 50 Per ViSUa ' an9le ° f 1 ° are visual| y -cognized with finfte sensitivfty wh le the 
scnsrt v,ty « lost when the frequency exceeds 50, namely, such fringes are visually unrecognizable 

5 I 1 . IV* * ? ? ^ inClUdinQ thS reflective dis P'ay device, generally, the image screen is used at a distance 
of about 300 nm. At the distance of 300 nm, the spatial frequency of 50 per visual angle of 1» means the p Kch of abou" 
at I: n i r , inVenti ° n ' prism - sha P ed Projections are formed with a smaller pitch. oBn^^e ^ 

EZSm T ° »7 ), H and theref ° re fring6S °' thS prism - sh *Ped Projections are hardly recognized Thus the 'ron 
light illumination is realized without degrading the display quality. 
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(Embodiment 1 -Reflective Groove of the Second Optical Guide Plate-) 

[0077] Figs. 20A to 20D are illustrations of the front light in accordance with Embodiment 1 of the present invention. 
Fig. 20A is a perspective view of the front light, Fig. 20B is a plan view of the second optical guide plate 2 arranged 
5 along an end surface of the main optical guide plate 1 , and Figs. 20C and20D show, in enlargement, the prism-shaped 
groove formed at an end surface 2a opposing to the main optical guide plate of the second optical guide plate 2. As 
can be seen from Fig. 20D, the angle formed by each of the two sides forming the prism-shape and the flat portion is 
about 34° (±4°). 

10 (1) Groove Pitch 

[0078] Referring to Fig. 20A, the light source arranged at an end portion of main optical guide plate 1 includes the 
second optical guide plate 2 extending in the widthwise direction along the end portion and an LED 3 positioned at an 
end portion of the second optical guide plate. The light beam emitted from LED 3 enters an end portion of second 

15 optical guide plate 2 and propagates through the second optical guide plate, and in this course, it is emitted from the 
second optical guide plate to the main optical guide plate 1 , by the light extracting structure formed on the fourth surface 
of the second optical guide plate. In the present embodiment, the light extracting structure provided in the second 
optical guide plate includes prism-shaped grooves 12 having the pitch of 0.15 mm, provided on the fourth surface. The 
pitch of the prism-shaped grooves 12 has only to be smaller than the pixel pitch of the display device. In the main 

20 optical guide plate 1 , a number of projections each having the prism-shaped cross section are provided as ribs, at an 
equal interval on the second surface. The light beam entering the main optical guide plate 1 is directed to the reflective 
surface 21 of the prism-shaped projection, reflected therefrom, and emitted from the main optical guide plate to the 
display device 30. The light beam reflected by the reflective display device and returning to the main optical guide plate 
has been spatially modulated, and displays an image, upon reaching the eyes of the viewer. 

25 [0079] In the optical guide plate having the prism-shaped projections as the light extracting structure such as the 
main optical guide.plate 1 , the light beam is extracted by the reflection at the reflective surface 21, and there is no 
influence of scattering effect. Therefore, unless the light entering the end surface of the main optical guide plate 1 is 
spatially uniform both in intensity and in the direction of progress, uneven illumination results. Namely, there would be 
uneven illumination as described in the following and shown in Fig. 21 . 

30 [0080] (X Position): at a position X directly on the lateral side of a bottom point of the second optical guide plate, 
light beams reflected by the groove and emitted approximately vertically from the end surface of the second optical 
guide plate are dominant. The light beam emitted approximately vertically from the end surface of the second optical 
guide plate proceeds in the main guide plate, reflected by the inclined surface of the prism-shaped projection extending 
along the widthwise direction of the main optical guide plate and approximately vertical to the direction of progress of 

35 the light beam, and emitted in the vertical direction, that contributes the most to the front brightness, from the main 
optical guide plate. 

[0081] (Y position): at a position Y corresponding to the center between grooves, optical beams reflected by two 
grooves on both sides of the position Y and emitted obliquely from the end surface of the second optical guide plate 
are dominant. Such a light beam reaches obliquely to the prismshaped projection of the main optical guide plate, and 
40 therefore, even after reflected from the inclined surface of the projecting portion, the light beam is emitted not vertically 
from the main optical guide plate, but obliquely as inclined light beam, that does not much contribute to the front 
brightness. 

[0082] Therefore, it is darker at the position Y than at the position X, resulting in fringe-like unevenness of brightness. 
As already described, when the pitch between the grooves is set to be smaller than the pixel pitch of the display device, 
the unevenness in illumination becomes unrecognizable to human eyes. This phenomenon will be described, compar- 
ing examples having a rough groove pitch (Fig. 22) and a fine groove pitch in accordance with the present invention 
(Fig. 23). Even when the pitch of prism-shaped grooves 12 provided on the first surface 2b of the second optical guide 
plate 2 is as large as about 1 mm, it is possible to make light intensity almost uniform spatially, as shown in Fig. 22. 
The light beams entering the main optical guide plate 1 shown in Fig. 22 causes unevenness corresponding to the 
groove pitch. By contrast, when the pitch of the grooves 12 is made smaller to be at most the pixel pitch of the display 
device as in the front light in accordance with the present invention, the pitch of the unevenness illumination mentioned 
above can be made smaller, to be at most the pixel pitch, as shown in Fig. 23. Such unevenness in illumination is 
unrecognizable to human eyes, and hence the illumination is recognized as uniform. For example, the pixel pitch of a 
liquid crystal display device is about 300 urn, and hence the groove pitch should be about 300 um (0.3 mm) or smaller. 
If very high quality of display is desired and even a slight unevenness in illumination should be avoided, the groove 
pitch should desirably be 200 u,m or smaller. 

[0083] When the groove pitch is rough and causes uneven illumination, it is possible to eliminate the unevenness in 
illumination by making light intensity uniform spatially, by means of a scattering member arranged on the side of the 
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third surface, which is the emission surface, of the second optical guide plate. 

(2) Reflective Film 

[0084] On the fourth surface, where the grooves 12 are provided, the second optical guide plate is coated with a 

xc Z t ' IT V I reaS °: thiS " that by reflSCtiVe fllm - the l0SS 0f «9 M Emitted through the fourth su'ace 
to he outs.de of the second opt.cal guide plate 2 can be avoided. The reflective film may be adhered on the surface 
o the grooves, .f ,t .s possible that the sheet covers the surface of the grooves in tight contact therewith A ,^t nr 
Plate, however, is undesirable, as it has high rigidity and tight adhesion on the B^u^tSSi 

(3) Groove Angle a 

fn ?heLh^h d f h Crib h ed at> T' Wh6n th6 SUrf3Ce ° f the 9r00Ve is covered b V the ^'active f i'm, it is unnecessary to take 
™ 9 ? h ?! e " re,raCted 31 thS 9rOOVe SUrface and directed t0 the outside «™ the surface of the an ad.acem 

, 9 he nnh,I f° re ' ? T ° f thS gr °° Ve ° f thS P rism " sha P^ adapted such that it is as orthogona as poss K to 
nTo 2?,! ^ I ^ f ° Urth SUrfaCe) ° f ,he SeC ° nd ° ptlCal gUide P |ate - ln ord ^that the ligMbeam propaS^nn 
heTl ,hT°^ ° Pt,Cal 9Uide P ' ate t0 bS dirSCted 10 3 Side of the Pnsm-shaped groove posLnedTside the S 
beam should be d,rec,ed to the groove inclined to some extent from the light emitting surface (fourth surfaceHo the 
th.rd surface. F.gs. 24A, 24B and 24C are illustrations showing a representative example of he ^groovfanale thai 

Z "Fin "Zn ^ 3bOVe d6SCribed ° bjeCtS ' WhSn the SUrfaCe 0f the 9 roove is — ed by a reflective Z As shown 
nn»l, 2' ° rder l ° attai " ,he ab ° Ve describe d objects, the groove angle is set to 32» 

to 35 ^ (Fiq 9 25) 25 30- ^TJ^JS^Z 9 TlT ° f When the ^ « ° f the 8"»» change 

to d5 (Fig. 25 , 30 (F.g. 26) and 40° (Fig. 27), w,th the pitch of the prism-shaped grooves on the fourth surface of the 

second optical gu.de plate being set to a constant value of 0.15 mm. The angie 0- represent a ^00,^ pa^Mo 
Whin the " S , eC ° nd ° P,iCal 9Uide P ' ate ' that ^ to a flat -Le where the groove" not p' v ded 

Zaul di HT 3,19 "J' 35 ■ bSam iS emitted " 3 dirSCtion Verticat to the s ~°"d optica, guide JaS and 
angular d.stnbut.on expands not very widely, as shown in Fig. 25. When the groove angle a is 30« em^on is „o 

grTve SrrS t h P 0 0 uah° n Tf iVSly ^ Width ° f ^ PSak ' - sho::^ 3 ^^ £ 

H^Zt , . u 9 ; 1 9 Ca ' emisslon is attained, the width is too large to effectively provide liaht 

^n the exalt" T T ^ bri9htneSS ' When the 9r °° Ve angle « iS 30 °' the >* »». so mu^ZSiXL 

n IIT 9 9r T 6 an9 ' e " ° f 4 °°- Thercfore ' the g^ove angle a should be in the range of 30Mo 38» 

n ; p 7n t h prOCessmg ' the Pnsm-shaped grooves are often made to have the same angle. However the grooves 
attained ^ a " 9le - ^ ^ an9 ' 6 0 W ' thin ,hiS range ' Uniform w fth Ht^^^^Z 

[0087] ^rther, in order to obtain display of which brightness is highly uniform, a scattering member mav be arranoed 
on the side of the light emitting surface of the second optical guide plate. memoermay be arranged 

(Reference Example 4-Position of the Corner of the Main Optical Guide Plate-) 

^ionH 10 t iSS , 28 rt and29 ' tne n 9 ht source ^ranged along an end portion of the main optical guide plate 1 includes 
a second opt.cal guide plate 2 extending in the widthwise direction of main optical guide plate 1 and LEDs 3 oosit ioS 
a oppos.ng ends thereof. On the fourth surface 2b of the second optical guide plate, grooves a ^thetoh, ext achna 
an^ H^ t °H Wn ^ Emb ° diment 1 are provided, emitting light beams to the main optica. g^^^TE^S 
attamed by the prism-shaped projections as the light extracting structure in the main optica, guide p ate 1i the same 
mnl, , ° m " 9htS accordar, ce with Reference Examples 1 to 3 and Embodiment ? 

fSLL^ tbe h Stmcture s 0 hown in Fi 9- 31 is adapted, the light beam emitted from the second optica, guide plate 
case Z mk 9 C T erS 31 3nd 82 ° f maiR ° PtiCal 9Uide Plate 1 and enter s the main optica, guide p afe T .n his 
nS!' J ? T ' S refraCted 91 thS COmer l0Ca " y in an angle different from that at other portions of ttJ ^ca. guide 

^z^^^^^;zr ress of the ,ight beam is iost as a — — — - - - 

Im^rth" 1 1 * Pre lt n , t o ef ? r 6nCe eXamP ' e ' referring t0 Rg - 29 ' ,ne len 9th L2 of the second optical guide plate is made 
smaller han the width L3 of main optical guide plate 1 , and the corners S 1 and S2 of optical guide plate 1 areTosit^nfd 
outs.de the w-dthwise range of the optical light beams directed from the second optica, guide pLtelo the3n o D S 
ZZT , , f ' Width U ° f an arSa 15 ° f main ° ptiCa ' 9Uide plate 1 ■ wh -e the'prism-thaped prZtions as 
Sate 9 so e rh^ ,n9 S,mC,Ure arS L° rm6d ° n thS S6COnd SUrfaCe ' is Short6 r than the length of the second opSZide 

to the I" T tL" " d,hWiSe mn9e ° f the ° PtiCal bSamS direCted from the sec °r-d optica?gle 

to the ophca. gu.de plate 1 The width L3 of main optical guide plate 1 is the sum of the width of the aL 15 wSre the 

pnsm-shaped projections are formed and the width of the area 16 not having the projection^ ^ n view o deduct 0 n 
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size and weight, the area at the periphery of the display area is limited and cannot be made very large. Therefore, in 
Fig. 29, 11 and 12 are each at most 2.0 mm. Further, in order to ensure such light intensity of the light beam refracted 
at the bent corner that does not produce visually recognizable emission line or dark line, 11 is set to be at least 0.2 
mm. Further, if it is of higher priority to save area other than the effective display area, 11 and 12 should be at most 1 .0 

5 mm. When prevention of the emission line or the dark line is of higher priority, 11 should be at least 0.3 mm. 

[0091] By the structure of this reference example, the light beam emitted from the second optical guide plate does 
not pass through the corners S1 and S2 of the optical guide plate. Thus, emission light or dark light generated from 
the corner can be prevented. Further, the width of the area 1 5 provided with the prism-shaped projections on the second 
surface 1 b of the main optical guide plate is encompassed within the width of the optical beams emitted from the second 

io optical guide plate 2, and therefore, the area requiring illumination surely receives sufficient light. By this structure, a 
front light can be provided, which is free of any emission line or dark line at the corner and which provides sufficient 
illumination to the entire display area. 
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(Reference Example 5-Combined Use of a Point Light Source, a Scattering Layer and a Fresnel Lens-) 



[0092] Referring to Figs. 32 and 33, the light source arranged along an end portion of main optical guide plate 1 
includes the following members: the second optical guide plate 22; a Fresnel lens 23 provided on the third surface 
22a, that is, an end surface facing the optical guide plate 1 of the second optical guide plate; a scattering layer 24 
provided on the fourth surface 22b, which is an end surface opposite to the optical guide plate 1 , of the second optical 

20 guide plate; and an LED 3 arranged on the side of the fourth surface. The light extracting structure of the main optical 
guide plate 1 is the same as in the front lights of Reference Examples 1 to 4 and Embodiment 1 . In the main optical 
guide plate 1 having the prism-shaped projections, light is extracted by regular reflection at the reflective surface (not 
shown) and the optical beams are not influenced by the scattering effect. Therefore, unless the light beams entering 
the main optical guide plate 1 are uniform both in the intensity and incidence angle spatially, uneven illumination results. 

25 [0093] Referring to Fig. 33, a light beam emitted from LED 3 as the point light source passes through scattering layer 
24 and enters the second optical guide plate 22. As the light beam has been passed through scattering layer 24, the 
light beam is diffused widely in the second optical guide plate, so that intensity is made uniform to a prescribed level, 
regardless of the position. Further, Fresnel lens 23 is arranged on the third surface 22a of second optical guide plate 
22. Therefore, by the Fresnel lens structure having the point of light-incidence as a focal point, the light beams diffused 

30 from the incidence point have their directions changed to be parallel beams, by the effect of the Fresnel lens, and 
directed to the main optical guide plate 1 . On the third surface 22a of the second optical guide plate, Fresnel. lens 23 
should be arranged same in number as the number of point light sources. As the light beams having the directions of 
progress aligned by the Fresnel lens and intensity made spatially uniform enter the main optical guide plate 1 , a front 
light can be provided that attains high quality of display with high front brightness and without unevenness in illumination . 

35 [0094] When .the scattering layer or a concave lens surface diffusing light beams is arranged on the fourth surface 
22b as the entering side of the second optical guide plate 22 : light intensity can be made almost uniform spatially. The 
direction of progress, however, is not uniform. By positioning a Fresnel lens 23 on the light emitting surface 22a of 
second optical guide plate 22, the direction of progress of the light beams entering the main optical plate can be aligned 
for the first time. Therefore, light beams uniform both in the intensity and the direction of progress enter the main optical 

40 guide plate 1 , whereby illumination of high quality, that is, uniform and having high front brightness, is possible. 

(Reference Example 6-Use of a Point Light Source, a Scattering Layer and a Reflective Fresnel Lens (Bent Structure)-) 

[0095] Referring to Figs. 34 and 35, the light source arranged along an end surface of main optical guide plate 1 
45 includes a second optical guide plate 32 bending the direction of progress of the light beams by 90°, a scattering layer 
34, a reflective Fresnel lens 33 and a light source 3. The light beam emitted from LED3 as the point light source passes 
through the scattering layer 34, and propagated through the second optical guide plate while diffused widely, so that 
the light intensity is made uniform spatially. As shown in Fig. 35, the light beams have the directions aligned when 
reflected by the reflective Fresnel lens 33 positioned on the reflective surface that bends the light beams by about 90° 
so in the second optical guide plate, and the beams are emitted to optical guide plate 1 . The reflective surface mentioned 
above is attached to the second optical guide plate at an angle of inclination by about 45° with respect to the direction 
of progress of the light beams. The reflective Fresnel lens 33 mentioned above has a Fresnel lens structure, having 
the incident point as a focal point. Namely, the Fresnel lens 33 is capable of aligning the directions of the diffused light 
beams to provide a flux of parallel light beams. The state of light beams in the main optical guide plate 1 . after the light 
55 beams having the intensity and the direction of progress made uniform are introduced to the main optical guide plate 
1 , is the same as in Reference Examples 1 to 5 and in Embodiment 1 . 

[0096] When a scattering layer is formed or a concave lens diffusing light beams is arranged at the surface to which 
light enters from the light source to the second optical guide plate 32, the intensity of light beams can be made uniform. 
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The direction of progress, however, is not uniform. By providing the reflective Fresnel lens at the reflecting portion in 
he second optical gu.de plate, it becomes possible to align the direction of progress at the ref.ectVnqtortiL Thus 
nghVbeams umform both in the intensity and the direction of progress can be supplied to the opt cal guide pJte i' 
Thus, the ,llum,nat,on hav.ng high display qua.ity of uniform and high front brightness can be attained ' 

(Reference Example 7-Main Optical Guide Plate Having Two-Layered Structure-) 

[0097] Referring to Figs. 36 and 37, in the present reference example, a main optical guide plate 71 has a two 
taZ CtUre ; dU rf d,n 9 a Surface la V er having the first surface facing the dispLy device a? Lawyer 71b 

rnTZl 1 nf T, ? T t0 * e The mai " is much thicker the surface laye and^e 

thickness of optical gu.de plate 1 is, in most pari, the thickness of the main layer. The light source arranged afono an 
end surface of ma.n opfca guide plate 71 includes the second optica, guide plate 2 and LEDs 3 posiZeTofposinq 
ends of the second opt.cal guide plate. The light beam emitted from the LED and propagating through the second 

on he fourth^ rta~ B T ed S6COnd ° PtiCal 9Uide P,atS by meanS 0f the "Sht pSSS 

on the fourth surface of the second optical guide plate 2, and enters the main optical guide plate 71 In the main on Sr2 

ZZ ; th6 T beam iS refl6Cted 81 the ref,6CtiVe SUrface of the shaped proK ion provided ia he" ide 

' . nil ^av.ng lower index of refraction than the main layer, and emitted to the disp.ay device The Motu 

beam.propagat.ng through the main layer 71 a of the main optica, guide plate 71 is, basica.ly, regularly^ lectIS a the 
interface between the main layer and ihe surface .ayer having low index of refrac ion. Therefore in ^apTroximaUon H 
'Z°n V: T::t erthatthe li9ht P^ting through main optica, guide plate 71 propagaTeTth^ghThe mafn Zer 
71a. Only the l.ght beam that propagates through the main optical guide plate 71 at a large anqle thatdoel not S 
re ; eC,i0n , C0ndit f i0n at the P-Pagates through" the surface layer »atis ' EfJ^hr^S 

ZT^ T TTl'T ° f '^^ haVin9 ' OW ind6X ° f refraction - The "9 ht bea ™ Propagat^g though he s^ace 
■ X 7 Bv TJSZl f ] °f ^ SUrfaCG 21 ° f the P rism - ha P^ Paction, and take'n o5 of the'op Z^uZ 
plate 71 By select ng the .ndex of refract.on of the surface layer, which is the layer of low index of refraction in an 

• IZZlZTf- " « eC ° m f S P0SSib ' e l ° Mmit the an9U,ar ran9e ° f th6 **** beams »«* '«* to the laytr of ow index 
of refract.on, to be suff,aently small. Thus, the angular range of the direction of progress of the extracted Noht bl a ™ 
can be ,m,ted to a small range. For examp.e, when the index of refraction of the surface layer fe se to 1 38 and Z 

Tfew to ST" S "J t0 1 5 ' " " P ° SSib,e l ° haVS Mght b6amS emiMed t0 the dis P' a V device a igredin the range of 
' Lfnn J T " With the Mght beam a,most vertical t0 the su ^e of the main o P tica, guide 

be.ng the center Therefore, optical loss and the light beams not contributing to the surface brightness can be almost 

- (Embodiment 2-Length of the Second Optical Guide Plate-) 

mentioned above cannot always be considered correct. However, the length of this range may be used as a re erenT 

flu^T, 3 'T' C,VStal diSP ' ay d6ViCe ° f 8 P0rtable di9rtal assistant •«* » a ™Z phone provisfon of the 
from light having such a second optical guide plate that has the surface of the prism-shaped arooves covlr^Z If 
reflective film attains high efficiency, and thus provides display image of high brighmess 9 ^ * ^ 

(Embodiment 3-Angular Distribution of Grooves of the Second Optical Guide Plate-) 

so [0099] Referring to Fig. 39, in the front light, the angle formed by each side of the groove with the flat oortion is 
large as.about 35° near the center CL along the length of the second optical guide plate ^ aTcan be seentom pfn 
39C, and the angle is made smaller to about 30» at a portion near the end P uJ^J^t^S^ZL^ 
s.des of the prism-shaped grooves and the flat lines vary position by position of the second ootteal audTnlJ xl. 

F^s. 40A and 40B represent d.rect.ons of reflection of the light beams from the grooves, when the anales of the nriZ" 
shaped grooves are made constant at 35-, at the fourth surface of the second optical guidi ^te Referr Z to 40a" 
near the center CL along the length direction of the second optical guide plate the light beam em Sec H rZ ^ ' 
proceeds approximately vertical to the light emitting surface.^ Jntrast'the'light beam ^^.^'^ 
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end closer to the LED proceeds in a direction inclined toward the light beam before emission. Fig. 41 shows the result 
of measurement of the inclination of the light beams reflected at the grooves, measured at three points, that is, the 
center, the end, and an intermediate position between the center and the end, along the lengthwise direction of the 
second optical guide plate. It can be seen from Fig. 41 that light beams reflected at the end and reflected at a middle 
point between the end and the center proceed to directions inclined by about 10° to 15° from the direction vertical to 
the light emitting surface. The reflection angle varying dependent on the position of the second optical guide plate may 
cause unevenness in brightness. 

[0100] When the above described angle is made smaller at an end portion near the LED and made larger near the 
center in the range of 30° to 38° as shown in Figs. 39A to 39C, the light beams come to proceed in the direction 
orthogonal to the light emitting surface and directions near the orthogonal direction, no matter at which groove the light 
beams are reflected. Thus, the display image of high brightness without unevenness can be attained : entirely over the 
lengthwise direction of the second optical guide plate. 

(Embodiment 4-Formation of Reflective Film-) 



[01 01 ] Referring to Fig. 42, on the surface of the prism-shaped grooves of the front light, a metal film 1 1 is provided. 
Aluminum, silver, copper, gold, platinum or the like may be used for the metal film, and the film may be formed by vapor 
deposition, sputtering or the like. Similar to the main optical guide plate, the second optical guide plate is formed of a 
transparent resin. Therefore, adhesion of the metal film to the surface of the resin may be unsatisfactory. One possible 
means to prevent poor adhesion is to perform roughening process, such as blasting, on the surface of the grooves, 
as already described. Because of the surface roughness formed by the roughening process, adhesion of the metal 
film to the resin surface can significantly be improved. Another possible means is to form an underlying film 51 such 
as an Si0 2 film, on the surface of the second optical guide plate, and forming the metal film 1 1 by vapor deposition or 
sputtering on the underlying film 51 , as shown in Fig. 43. By the coating of such two-layered structure, a reflective film 
superior in adhesion and durability can be obtained. Further, as the interface between the underlying film and the metal 
film can be kept in a state very flat and free of impurity, increase in reflectivity is expected. 

[0102] Figs. 44 and 45 represent a modification of the present embodiment, in which a multi-layered reflectivity 
enhancing film utilizing the effect of interference is formed by controlling the index of refraction n and the thickness t 
of the underlying film. In this modification, the index of refraction n and the thickness t of underlying film 51 are so 
30 controlled that reflected beams B1 and B2 shown in Fig. 45 reinforce each other. By the use of such of reflective film, 
the efficiency can further be improved, and a display image of higher brightness is obtained. 

[0103] The material of the metal film may be selected considering the reflectivity shown in Fig. 46. Silver has the 
highest and aluminum has the second highest reflectivity. Both silver and aluminum exhibit constant high reflectivity, 
regardless of the wavelength of the light beam. When a film covering a resin is to be formed, a silver film is inferior to 
35 aluminum film in view of durability, though silver film has higher reflectivity. Accordingly, generally, an aluminum .film is 
used. 

[0104] When an LED is used as the light source, it is often the case that the spectrum of the emitted light has higher 
intensity on the blue side, that is, on the shorter wavelength side. Therefore, in order to emit light beams of uniform 
intensity distribution, gold or copper having low reflectivity on the shorter wavelength side and higher reflectivity at the 
40 longer wavelength side may be used. The reason why the spectrum of the light beam emitted from the LED has higher 
intensity on the blue side is that the white light is commonly provided by wavelength -converting blue LED by a fluo- 
rescent body. 

[0105] Fig. 47 is a graph showing the relation between the reflectivity R or transmittance T and the thickness of the 
aluminum film used as the reflective film. Referring to Fig. 47, it can be understood that sufficient reflectivity can be 
45 attained when the aluminum film has the thickness of at least 50 nm. 

[0106] The metal film is formed on the fourth surface on which the grooves are formed of the second optical guide 
plate, and in order to prevent lower efficiency, extension of the films over the end surface or upper or lower surfaces 
or adhesion on such surfaces must be avoided. More specifically, metal film 11 should not be formed on the surfaces 
P including end surfaces and upper and lower surfaces, not even to a small extent, other than the fourth surface, as 
50 shown in Fig. 48. In order to prevent adhesion or over-extension of the metal film to the outside of the fourth surface, 
the method of forming a metal film such as shown in Fig. 49 may be utilized. Referring to Fig. 49, the second optical 
guide plates each formed by metal mold in advance are placed side by side in contact with each other, so that only 
the areas to which the metal film is to be adhered are exposed, and remaining portions are concealed by each of the 
second optical guide plates as well as by the stop jigs 52. By mounting the set of second optical guide plates held by 
the stop jigs in this manner in a vapor deposition apparatus or a sputtering apparatus, the metal film can be vapor- 
deposited efficiently on the target portions. In the method of forming the metal film shown in Fig. 49, the manufacturing 
steps of forming each of the second optical guide plates by metal molds — » forming the set using the stop jigs — > forming 
the metal film, have been described. Alternatively, the metal film may be formed only on the target area of a semi- 
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processed block corresponding to a plurality of the second optical guide plates, and thereafter, the semi-processed 
block may be divided to produce a number of second optical guide plates. Though the second optical guide plates 
shown in Fig. 49 are manufactured using metal plates, the optical guide plates may be manufactured by machine 
processing, or by the combination of machine processing, polishing and etching, provided that there is no scratch or 
damage to the surface. 

[0107] By the above described manufacturing method, the second optical guide plate having prism-shaped grooves 
can be formed with high efficiency and high production yield. 

(Embodiment 5-Range of Reflective Film-) 

[0108] Fig. 50 shows the main optical guide plate 1 and the second optical guide plate (not shown) having relative 
positions fixed by a reflector 9. Fig. 51 is a perspective view of the reflector, showing, in enlargement, the portion C of 
Fig. 50. Fig. 52 is a plan view of the same portion. In the present embodiment, as shown in Figs. 51 and 52, the range 
of the area covered by the reflective film of the fourth surface having grooves of the second optical guide plate must 
be wider than the end surface of a main optical guide plate. More specifically, the distance 2 shown in Figs. 51 and 52 
should be larger than zero. When the range covered by the reflective film is narrower than the end surface of the main 
optical guide plate, border lines between dark and light appear undesirably on the liquid crystal display image. In order 
to avoid such border lines, the range covered by the reflective film is made larger than the end surface of the main 
optical guide plate, as shown in Figs. 51 and 52. 

[0109] In the present embodiment, a reflector 9 is used. Reflector 9 is arranged as shown in Fig. 53 that is a cross 
section taken along the line D-D' of Fig, 50. The reflector is used to prevent loss of light and to integrate mechanically 
the second optical guide plate and the main optical guide plate. When the surface of the grooves of the second optical 
guide plate is not covered by the reflective film, it is a common practice to cover the inner surface of the reflector 9 
entirely with a silver coat. When the surface of the grooves of the second optical guide plate is covered by the reflective 
film as described above, the efficiency can be improved by the reflective film, and hence, silver coat on the inner surface 
of the reflector can be eliminated. When integration between the main optical guide plate and the second optical guide 
plate is realized by other means, the reflector itself can be eliminated. 

(Embodiment 6 -Modification of the Second Optical Guide Plate and the Main Optical Guide Plate-) 

[0110] Referring to Fig. 54, the main optical guide plate 1 in accordance with Embodiment 6 has an end surface 
tapered such that the center CL is protruded most to the side of the second optical guide plate. The second optical 
guide plate is also tapered such that the central portion is recessed most, conforming to the tapered shape of the main 
optical guide plate. 

[01 1 1] Of the light beam entering from the point light source to the second optical guide plate, the light beam reaching 
the tapered end surface of the second optical guide plate is regularly reflected, and directed to the prism-shaped groove 
covered with the reflective film position on the opposite end surface, reflected there and directed to the main optical 
guide plate. The light beam not reflected at the tapered end surface of the second optical guide plate but refracted and 
emitted is partially reflected at a surface of the tapered end of the main optical guide plate, and thus reflected light 
beam again enters the second optical guide plate, directed to the prism-shaped groove, reflected there and directed 
to the main optical guide plate. Thus, the light beams emitted from the point light source can be directed to the prism- 
shaped reflective grooves covered with the reflective film of the second optical guide plate with high efficiency. Thus, 
the efficiency can further be improved. 

45 (Embodiment 7-Personal Digital Assistant-) 
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[0112] Fig. 55 is a perspective view showing a mobile phone in accordance with Embodiment 7 of the present it. 
vention. Fig. 56 is a cross section taken along the line E-E' of Fig. 54. The liquid crystal display device having the front 
light of the present invention is arranged inside a display screen window 53 of the mobile phone. The mobile phone is 
provided with a brightness adjustment volume 55, adjusting the output of the LED serving as the light source of the 
display device. The use of the brightness adjustment volume, the output of the LED can be lowered where it is bright, 
so that power is saved to make longer the interval of battery charge. When economic consideration is of higher priority, 
the brightness adjustment volume may not be provided. The main optical guide plate 1 , the second optical guide plate 
2 and the liquid crystal display device 30 are arranged as shown in Fig. 55. The length of the second optical guide 
55 plate is about 40 mm, and the width is within the range of 3 mm to 7 mm. 

[0113] In the mobile phone incorporating the front light described above, a display image of high brightness can be 
realized by a small and light weight light source of high efficiency, by using the LED or the like that requires low driving 
voltage. 
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[0114] Although the present invention has been described and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not to be taken by way of limitation, the spirit and scope of the 
present invention being limited only by the terms of the appended claims. 



Claims 

1. A front light arranged in front of a display device, comprising: 

a main optical guide plate (1); 

a second optical guide plate (2) having longitudinal direction arranged to extend along widthwise direction of 
and at an end portion of said main optical guide plate, said second optical guide plate having an end surface 
(2a) facing said main optical guide plate and an opposite end surface (2b), the opposite end surface (2b) 
including a plurality of prism-shaped grooves (12) extending in depth direction, formed along said longitudinal 
direction; 

a point light source (3) arranged at an end of said longitudinal direction of said second optical guide plate; and 
a reflective film (11) coated on a surface of said prism-shaped grooves. 

2. The front light according to claim 1 , wherein 

two sides forming said prism-shape each form an angle of 30° to 38° with a flat portion, when viewed two- 
dimensionally. 

3. The front light according to claim 1 or 2, wherein 

an area coated with said reflective film (11) of said second optical guide plate extends exceeding the end 
portion of said main optical guide plate (1), when said main optical guide plate (1) and said second optical guide 
plate (2) are viewed in a direction from said second optical guide plate to said main guide plate. 

4. The front light according to claim 1 to 3 , wherein 

the grooves (12) are provided such that an angle formed by a side forming said prism-shape with the flat 
portion varies dependent on a distance from said point light source (3). 

5. The front light according to claim 1 to 4, wherein 

said pitch between the grooves is at most 0.3 mm. 

6. The front light according to claim 1 to 5, wherein 

the end portion of said main optical guide plate (1) on the side of said second optical guide plate is tapered 
from opposing sides such that the central portion of the end portion protrudes most to said second optical 
guide plate, 

the end surface (2a) facing said main optical guide plate (1) of said second optical guide plate (2) is tapered 
from opposing sides such that the central portion (CL) of the end surface is recessed most from said main 
optical guide plate, conforming to the tapered shape of said main optical guide plate, and 
said main optical guide plate and said second optical guide plate are positioned with the tapered shapes fitted 
with each other. 

7. The front light according to claim 1 , to 6, wherein 

said reflective film (11) is formed on an underlying film (51) formed on the surface of said prism-shaped 
grooves (12). 

8. The front light according to claim 1 to 7, wherein 

said point light source (3) is a light emitting diode. 

9. A reflective liquid crystal display device having a front light on a front side facing a viewer, said front light including 

a main optical guide plate (1 ); 

a second optical guide plate (2) having longitudinal direction arranged to extend along widthwise direction of 
and at an end portion of said main optical guide plate, said second optical guide plate having an end surface 
(2a) facing said main optical guide plate and an opposite end surface (2b), the opposite end surface (2b) 
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including a plurality of prism-shaped grooves (12) extending in depth direction, formed along said longitudinal 
direction; 

a point light source (3) arranged at an end of said longitudinal direction of said second optical guide plate: and 
a reflective film (11) coated on a surface of said prism-shaped grooves. 

i. A personal digital assistant provided with a reflective liquid crystal display device including a front light said front 
light including 

a main optical guide plate (1 ); 

a second optical guide plate (2) having longitudinal direction arranged to extend along widthwise direction of 
and at an end portion of said main optical guide plate, said second optical guide plate having an end surface 
(2a)facing said main optical guide plate and an opposite end surface (2b), the opposite end surface (2b) 
including a plurality of prism-shaped grooves (12) extending in depth direction, formed along said longitudinal 
direction; 

a point light source (3) arranged at an end of said longitudinal direction of said second optical guide plate; and 
a reflective film (11) coated on a surface of said prism-shaped grooves. 
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